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REMARKS 

Claims 1-16, 19-32, 34 and 35 currently appear in 
this application. The Office Action of April 13, 2007, has 
been carefully studied. These claims define novel and 
unobvious subject matter under Sections 102 and 103 of 35 
U.S.C, and therefore should be allowed. Applicant 
respectfully requests favorable reconsideration, entry of the 
present amendment, and formal allowance of the claims. 

Restriction/Election 

It is noted that the restriction requirement has 
been maintained, and that claims 1-25 have been withdrawn from 
consideration . 

Rejections Under 35 U.S.C. 112 

Claims 26-35 are rejected under 35 U.S.C. 112, 
second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

This rejection is respectfully traversed. 

Claims 26-35 have been amended to delete "or 
substantially free of other amino acids." 
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Art Rejections 

Claims 26-34 are rejected under 35 U.S.C. 102(b) as 
being anticipated by Kleinberger et al . , US 4,259,393. 

This rejection is respectfully traversed. 

Kleinberger teaches treating hepatic encephalopathy 
by administering L-valine, which the Examiner argues would 
inherently treat a patient suffering forma low albumin level. 
As the present specification notes at page 2, lines 61-21, 
hepatic encephalopathy is one of the complications of worsened 
hepatic diseases and toxic substances such as ammonia that 
accumulate in blood impair the central nervous system to cause 
various neurotic symptoms; hence, hepatic encephalopathy is 
different from "hepatic disease" as defined in the present 
application . 

Hepatic encephalopathy is one of the disorders 
caused by impaired hepatic function, and encompasses a variety 
of symptoms such as manic-depressive condition, and deep coma. 
Thus, hepatic encephalopathy is diagnosed only when taking 
into account states such as a psychiatric state, degree of 
hepatic malfunction, abnormal electroencephalogram, and 
severity of hyperammonia . However, it is currently understood 
in a clinical environment that the severity of hepatic 
malfunction is not well correlated with the severity of 
hepatic encephalopathy. This means that a method of treating 
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hepatic encephalopathy is not necessarily applicable to treat 
hepatic malfunction, even more to improve a low albumin level 
in a patient. 

Further, although Kleinberger provides a vague 
statement that high dose administration of L-valine 
advantageously influences hepatic encephalopathy, Kleinberger 
has no concrete data regarding the efficiency of L-valine. 
Kleinberger asserts that administration of L-valine diminishes 
ammonia in tissue (column 1, lines 57-60) . Moreover, 
Kleinberger does not teach or suggest that L-valine has a 
beneficial effect on hypoalbuminemia there is nothing in 
Kleinberger that teaches or suggests that L-valine has a 
beneficial effect on hypoalbuminemia. 

Additionally, referring to column 1, lines 57-58 of 
Kleinberger, one skilled in the art would understand form this 
reference is only that high dose administration of L-valine 
results in reducing the ammonia levels in tissue, thereby 
improving hepatic encephalopathy. One skilled in the art 
would not extract from Kleinberger the concept that L-valine 
can be used to improve low albumin level, since there is no 
relationship between reducing ammonia in tissue and improving 
the albumin level . 

Claims 26-35 are rejected under 35 U.S.C. 102(a) as 
being anticipated by Ichihara et al . (WO 96/00059) or under 
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35 U.S.C. 102(e) as being anticipated by Nishihira et al . , US 
5,916,921, the English equivalent of WO 96/00059, 

This rejection is respectfully traversed. 

The Examiner asserts that Nishihira inherently 
discloses the feature of the present application, such as 
"improving a low albumin level" and "improving 

hypoalbuminemia . " However, as will be explained below, it is 
respectfully submitted that treating hepatic disease in 
Nishihara is different from the treatment or improvement or 
patients exhibiting a low albumin level. 

Submitted herewith is a copy of Sekas et al . , J . 
Exp. Path. (1979) 60:447-452 in which hepatectomized rats were 
used as in Nishihara. At page 449, right column, lines 17-13 
from the bottom of the column, the authors noted that "Serum 
albumen concentration was fairly constant... over the 2 weeks of 
the study. " This shows that the remaining 30% of liver in the 
rat retains a function sufficient for maintaining a balance 
between production and metabolism of albumin. This is 
consistent with the case of human liver, where it is known 
that a normal liver can be 70% hepatectomized without adverse 
effect on liver function. In support of this, a copy of 
Schindl et al . , Gut 2005 54 (2) : 289-296 is submitted herewith, 

Therefore, it is respectfully submitted that one 
skilled in the art cannot deduce from Nishihara that 
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administering L-valine improves a condition of low albumin 
levels, because the rat used in Nishihira would not be in a 
condition of low albumin level . 

Additionally at Sekas et al . , page 449, right 
column, line 3 from the bottom to page 450, left column, line 
2. state, "An abrupt decrease in albumin synthesis would not 
be expected to cause a rapid drop in concentration, since ht 
half- life of albumin in the circulation is 17-21 days." That 
is, in the normal state, the amount of albumin newly produced 
corresponds to that which is reduced, thereby maintaining 
albumin at a constant level . 

However, in the examples of the present application, 
the balance between production and metabolism in rats was 
greatly disrupted. The remaining hepatocytes did not have 
enough function to produce more albumin. For these reasons, 
the albumin level in the rats rapidly decreased. 

As can be seen from Table 1 on page 13 of the 
present specification, continuous administration albumin for 
only one day improved the level of albumin. Significant 
improvement of the albumin level was observed after continuous 
administration of L-valine for 2 or 4 days (see Tables 1 and 
4) . If the improvement of the low albumin level is only due 
to regeneration of the liver, it requires at least one week 
more to improve the albumin level, considering the half -life 
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of the albumin. This means that the low albumin level was 
improved by the action of L-valine rather than the action of 
regenerating hepatocytes . The method as claimed here has the 
unexpected effect of rapidly improving the albumin level . 

Since Nishihara is directed to a method for liver 
regeneration, the method presently claimed, namely, a method 
for treating or improving a low albumin level, particularly 
hypoalbuminemia, is clearly different from the method of 
Nishihara. Further, it is respectfully submitted that one 
skilled in the art would not anticipate this rapid improvement 
or treatment of a low albumin level having read the Nishihara 
disclosure . 

Claim 35 is rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kleinberger. 

This rejection is respectfully traversed. 

As discussed supra, hepatic encephalopathy is not 
the same condition as low albumin levels, and one skilled in 
the art would not be motivated to treat hepatic malfunction, 
particularly low albumin levels, by treating hepatic 
encephalopathy. Kleinberger disclose treating low albumin 
level by treating hepatic encephalopathy, since there is no 
relationship between reducing ammonia in tissue and improving 
the albumin level . 
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It is assumed that the references cited but not 
relied upon for rejections are merely cited as being of 
interest . 

In view of the above, it is respectfully submitted 
that the claims are now in condition for allowance, and 
favorable action thereon is earnestly solicited. 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant 



By: / Anne M . Kornbau/ 

Anne M . Kornbau 
Registration No. 25,884 

AMK: srd 

Telephone No. : (202) 
Facsimile No. : (202) 
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737-3528 
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THE EVALUATION OF LIVER FUNCTION AFTER PARTIAL 
HEPATECTOMY IN THE RAT: SERUM CHANGES 

O. SEKAS and R. T. COOK* 
Fronn the Institute of Pathology, Case Western M&sei-vc University, Cleveland, Ohio 44106 

Received fbc publio&tion Mcvoh 23, 1079 

Summary, In serial studies of hepatic function in rats after 70% partial hepatectomy, 

Quantitative changes were found in several of the serum components used clinically 
to assess liver status. The activities of the following enzymes were found to increase: 
Y-£liitaxiiyl transpeptidase and lactic dehydrogenase were maximal 6 h postopera- 
tively while glutamic oxaloacetic transaminase and alkaline phosphatase reached 
neak values at 24 and 48 h respectively. Albumin levels were found to be relatively 
constant during the study; however, total protein concentration was lowest 6-12 h 
postoperatively, paralleling a decrease in felobttlin concentration. Bilirubin levels 
were elevated to 4x normal within 12 h after surgery. After partial hepatectomy 
calcium and phosphorus concentrations were significantly decreased at 24 and x+ h 
respectively. With the exception of alkaline phosphatase, the activities of all serum 
components measured returned to normal levels by 1 week after surgery; the alkaline 
phosphatase concentration continued to be elevated 2 weeks postoperatively. 



A strEtvmv of the literature reveals ex- 
tensile studies of t>h© intracellular changes 
occurring in the liver after partial hepat- 
ectomy in the rat (Ludewig, Minor and 
Hortenstin.©! 1939; Sulkin and Gardner, 
1948; Backer and Malt, 1071); however, 
Jittle 'information is available on the effect 
of partial hepatectomy on the serum con- 
oentr Anions of those subatanoefs used to 
assess liver function. In this report we 
describe the serial quantitative changes in 
12 serum components at times from 6 h to 
14 days after two-thirds partial hepat- 
ectomy, 

MATERIALS AND METHODS 

Spi-svgae-Dftwloy male rats f weighing 190- 
-1} 0 g were housed in an area with a 12-h light— 
dwk cycle (light 6 a.m. -6 p.m.). Tho mymala 
were' allowed food (Purina Rat Chow, Ralsfcon- 
Pm-inft Co., Inc., St. Louis, Mo.) and water ad 
libitum. The rats were partially hep ate atomized 
by a standard method (Higgms and Anderson, 
1931) under ether anaesthetic - Control anvmals 
were subjected to a sham operation in which the 

* Ereasut address &tx<\ to whom all eovcQspondvn&e 
of Modiolus, University of Iowa, Iowa City, Iowa 52 



liven* wa.y gently palpated. Ah operations were 
performed between D a.m. and II swm . 

At 6, 12, 24, 36 and 48 h and at 7 a ad 14 days 
flitm- smi'gdry, under light ethov anac-ethcaia bho 
animals wore killed by decapitation and mixed 
ai'&©rial-vonouB blood collected directly. This 
method of blood colloctiou was compared iu 
control experiments with collection by cardiac 
puncture; no significant differences in. any of the 
measured aonuti components were found. 

The collected blood ^ar, allowed to clot at 4°. 
The serum was separated by ten trituration, 
using "Suro-Sep" soruxn— plasma separators 
(General Diagnostic Co., Morris Plains, N.J .) ; it 
wars analysed for the following Gon\poui*r\ta • 
albumin, globulin; total pro tern.? total bilirubin; 
alkaline phosphatase, *1£1.C.. 3.1.3.1; lactic de- 
hydrogenase, E,C, 1.1.1.27; y-g'tutauiyl trans- 
peptidase, E.G. 2.3.2,-; glutamic oxaloacetic 
transaminase, E.G. 2,6.1.1; total lipids; chol- 




valyawr (Tochnicou InB bruiiiont 

Co., Tairytowji, NT.) by Modi-Camp Labora- 
tories Inc. (Cleveland, Ohio) standard 
Techaicon methodology. 

As controls for tho alterations La growth rate 
resulting from partial hepatectomy, additional 
vmoperated animate wore included in Boms of the 

should ba rliveotscli Deportment of Pathology, Cot Lege 
242. 
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experiments and killed at 1 and 2 weeks with the 
operated animals. One week after partial 
hepB.tectomy th© average weight of the partially' 
lisp ate c to mi&ed, sham -operated! and intact ra*ts 
were 21 D, 210 and 257 g respectively. After 2 
weeks these weights were 250, 293 and 294 g 
respectively. jSTo differences were found m any of 
the serum values of the intact rats at. the various 
times ' and weights described. The results were 
e-icp ceased as tho mean, ±1 s.d. Groups ranged 
from 5 to 11 animals in svza, with the exception 
of tho 2 groupa killed at 48 h after surgery, 
which included 4 animals each. Significant 
differences between th© meaaB were determined 
•using- Student's t test (Huntsberger, 1967), the 
significant level being P < 0-05, 

KISSTTMS AjN t B r>ISOUSSIOrT 
Sztzltti enzymes 

The serum enzyme activities after par- 
tial hepatectomy are sliown in Pig'. 1- 



Alkai/r»Q phosphatase 
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Fi&, I. — Ensiyme activities in rat sera at 
vavioua fcLm.ee after partial hepatectomy; • 1 - 
confcrol, — partially hepateotomized, 
Bars represent one standard cloviafeiQn. 



v- Grin tamyl transpeptidase and lactic de- 
hydrogenase (Figs 10, ID) reach maximum 
levels 6 h after partial hepatectomy* while 
alkaline phosphatase and glutamic oxalo- 
acetic transaminase peak "at 48 and 24 h 
respectively (Figs 1A, IB), y~ Glutamyl 
transpeptidase levels have returned to 
normal by 24 h after surgery; lactic de- 
hydrogenase and glutamic oxaloacetic 
transaminase are normal by 1 week. The 
decrease i n alkaline phosphatase to normal 
levels is more protracted, the plasma level 
remaining elevated 2 weeks after opera- 
tions Oppenheimer and Flock (1947) have 
reported that the alkaline phosphatase 
level ia elevated in the plasma after 70% 
partial hepatectomy; in that study, the 
highest values occurred 2 days after 
surgery and decreased gradually to normal 
in 9 days. 

Several mechanisms may account for 
increases in serum enzyme activities 
(Zimmerman, 1974) ; these include enzyme 
release clue to cell necrosis, enzyme release 
due to increased cell-membrane perme- 
ability without cell necrosis, enzyme in- 
duction and release, or a decreased dis- 
position ox an enzyme. 

The clearance of liver enzymes from, the 
circulation has /been studied by several 
groups of investigators. Strandjord, 
Thomas and White (1959) injected lactic 
dehydrogenase into dogs and found that 
the enzyme was cleared in 7—1 0 h. The 
normal disappearance curves found in 
nephrectomized or hepatectomized dogs, 
in "conjunction with data obtained after 
intraporfcal injection of enzyme, indicated 
that the liver and. kidney were not re- 
sponsible for clearing lactic dehydrogenase 
from the circulation. Frank! and Merritt 
(1959) reported that i.v. administration of 
lactic dehydrogenase in dogs was not asso- 
ciated with increased biliary excretion of 
these enzymes. Dunn, Martins and Reiss- 
man (1958) and W&kim and Fleisher 
(1963a) measured the clearance of an i.v. 
injection of glutamic oxaloacetic trans- 
aminase in dogs; 75% of the injected 
enzyme disappeared from the circulation 
within 6 h and the remaining 25% was 
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cleared within 20—72 h. The rapid dis- 
. appearance phase ^vvas found to be due to 
diffusion of the enzyme into interstitial 
fluid, Wakim and IFleisher (19S36) showed 
that when zymosan was injected before 
the enzj^me there was a marked accelera- 
tion of enzyme clearance, suggesting that 
glutamic oxaloacetic transaminase is re- 
moved by the reticuloendothelial system. 
Since a substantial portion of the reticulo- 
endothelial system exists as the KnpfFer 
cells of the liver, the clearance of sub- 
stances by these cells might be influenced 
by the reduced number of reticuloendo- 
thelial cells resulting from partial hepat- 
eotomy- 

Poaeibly en&yrae activities are increased 
as the result of i.p. absorption of enzymes 
released by necrosis of the small amount of 
hepatic tissue remaining distal to the site 
of ligation, Studies of enzyme release after 
acute toxic liver injury (Hees and Sinha, 
1060; Curtis, Moritz and Snodgrass, 1972; 
Schmidt et al. } 1974) have shown that 
there is a pattern in which the intracellular 
enzymes are released into the circulation; 
cytoplasmic enzymes increase in the serum 
within a few hours, enzymes found in both 
the cytoplasm and mitochondria increase 
next, and finally the mitochondrial en- 
zymes appear- The early appearance of 
cytoplasmic enzymes was suggested (Rees 
and Sin ha, I960) to be a reflection of cell- 
membrane injury or permeability change 
before the onset of frank necrosis. How- 
ever, inconsistencies in the appearance of 
intrahepatic enzymes after toxic injury 
are known (Curtis • et aL t 1972) and the 
general complexity of the balance of en- 
zyme release, synthesis and degradation 
make firm interpretations hazardous. 

In the present experiments lactic de- 
hydrogenase, a cytoplasmic enzyme, and 
y-glutamyl transpeptidase, which has both 
cytoplasmic and microsomal locations 
(Szewczulc, 1966), peak at 6 h after partial 
hepatectomy; glutamic oxaloacetic trans- 
aminase, which is found in both the cyto- 
plasm and the mitochondria, is maximal 
at 24 h. However, the activity of alkaline 
phosphatase, a membrane-associated en- 



zyme, is highest 36 h after partial hepat- 
ectomy. Kaplan and Righetti (1970). have 
reported that liver alkaline phosphatase in 
the serum increases about Enfold by 12 h 
after bile-duct ligation; this enzyme in- 
crease was prevented by cyclohexiraide, 
suggesting that the increase represented 
enzyme induction. Although our data 
(Fig. 1A) show a similar rise in serum 
alkaline phosphatase, and might be inter- 
preted to indicate some degree of biliary 
stasis, no stasis was present upon light 
microscopic examination of histological 
specimens. Stenger and Confer (1966) have 
commented on the presence, visible on 
electron microscopy, of dilated and irregu- 
lar bile canaliculi in regenerating rat liver, 
while Mori, Novikoff and Quinfcana (1975) 
have described comparable changes in the 
bile , canaliculi and have reported an 
associated increased canalicular alkaline 
phosphatase activity by hxstochemical 
measurement. 

Overall, the enzyrn© data appear com- 
patible both with some early release of 
enzyme by damaged cells or cells with 
altered permeability, and with longer-term 
effects perhaps involving increased syn- 
thesis and release of enzyme > 

Protein 

The serial changes in serum total pro- 
tein and globulin concentrations are shown 
in Figs 2 A and SB respectively. Serum 
albumin concentration was fairly constant, 
ranging from, 2>5 to 3< 6 mg/100 ml, the 
average concentration being 2-8 rug/ 100 
ml over the 2 weeks of the study. Albumin 
levels were essentially identical in the 
sham -operated and partially hopatecto- 
xnized animals, Roberts and White (194.0) 
reported that after partial hepatectomy 
albumin levels undergo a transient rise 
which, is followed by an abrupt drop, the 
lowest concentration occurring 24 h after 
surgery. We have not observed this de- 
crease in albumin concentration (data not 
shown), An abrupt decrease in albumin 
synthesis would not be expected to cause 
a rapid drop in concentration, since the 
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0?\ra-. 2. — 'Total probsi n and globulin, concentra- 
tions in rat asm after partial hepaUctoray; 
• • ■ ■ control, partially hepatootomifcfcu. 

half-life of albumin in the circulation is 
17-21 days (Spiro, 1977). 

The decrease in total proteins appears 
to be primarily due to a decrease in the 
concentration of globulins. Lowrance and 
Chanutin (19*2) noted that the globulins 
decrease immediately after partial hep&t- 
ectomy, and are at their lowest concentra- 
tion 6-12 h postoperatively; by 36 h after 
partial hepatectomy this decreased con- 
centration, is not statistically significant 
when compared to the concentrations 
found in the sham -operated animals. It 
should be noted that el slight decrease in 
globulin concentration also occurs imme- 
diately after surgery in the aham-operated 
animals (Fig 2b). Chandler and Snider 
(1970) have found that after partial 
hepatectomy there is an increase in the 
relative rates of synthesis of albumin and 
the aeroiYiucoid fraction of the serum ; this 
increase extends over a, period of 14, days 
after surgery and would tend to mask the 
early decrease in globulins if only total 
protein is measured. In then study, 
laparotomy had no effect on albumin 
synthesis, hut caused an increase in the 
seromuooid fraction. 

Bilirubin 

Total bilirubin is increased to a maxi- 
mum of approximately 4x the normal 
concentration within 12 h after partial 
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3TrO. 3. — Bilirubin coxiae libra tions in. rnt? sore, 
af fear partial Uopatootomy ; - • • ' control,— 
partially hspafcectomfzatl. jSF o standard cie- 
viatLoni: aro shown if the bilirubin, oouoexv 
t rubious were identical within a groups of 
rata. 

hepateatomy (Fig, 3); this increase re- 
mains constant for the next 36 h, but by 
1 week after surgery the level has returned 
to normal Mild cholestasis might account 
in part for the raised bilirubin (and 
alkaline phosphatase) levels v but morpho- 
logical evidence for cholestasis is lacking 
in" our studies, whereas others have 
described increases in tortuosity and size 
of bile canaliculi as mentioned above. In 
functional studies Leong, Pessotti and 
Brauer (1959) measured bile flow in pre- 
paration© of regenerating rat- liver rem- 
nants isolated at various times after partial 
hepatectomy . Their data indicated that, at 
constant perfusion rates, regenerating liver 
remnants had increased bile flow per unit 
liver weight up to a maximum increase of 
50% by 3 days after operation. During the 
first 24-4S h the smaller increase they 
report, coupled with the reduced liver 
mass, would yield a bile flow considerably 
below normal, indicating a relative func- 
tional deficiency due to ioas of liver mass. 
However, the situation in vivo may not be 
strictly comparable and additional factors 
roay be involved. 

Calciztm arid phosphorus 

Fvixon and Whitfield (1972) have meas- 
ured the concentration of plasma calcium 
at varying times after partial 'liepat- 
eefcomy. They reported a decrease in 
calcium concentration evident at 1 h after 
surgery, with the concentration reaching 
the lowest value at 6 In In our series no 
determinations of calcium concentration 
were made before 6 h after partial hepat- 
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e-ofcomy- We found a statistically signifi- 
cant decrease in calcium concentration to 
occur in the sera of the partially he pat- 
octomizod animals at 24 h; the calcium 
concentration was 10-5 ± 0*3 mg/100 ml 
for the sham-operated animals and S'5± 
0-6 mg/100 ml for the partially hepat- 
©atomized animals. The oalchim level 
returned to normal within 36 h after 
surgery. 

Measurement of the serum phosphorus 
levels revealed a significant decrease at 
.1 2 h after partial hepatectomy; the con- 
centration in the sham-operated animals 
■was 9-1 ±0-3 mg/100 ml, while the con- 
centration in the partially hepateciomiised 
animals was 7-S ± 0-4 mg/100 ml. There 
was no difference in the phosphorus con- 
e-ent^ation in the 2 groups of Tats 2* h 
p os top er atively . 

Lipids 

Figures 4A and show the concentra- 
tion of total lipids and cholesterol re- 
spectively after partial hepatectomy. Tri- 
glyceride and cholesterol ester levels were 
not determined separately in those experi- 
ments. The fluctuation in total lipid con- 
centration parallels that occurring with 
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Pki. 4. — Total lipid and choiesbevol concen- 
trations in ra.& aero* after partial hepatec- 
taroy ; K • control, partially hepatcc- 



cholesterol. There is no .statistically sig- 
nificant difference in. either of the serum 
components measured between the par- 
tially hepatectomifced and the sham- 
operated rats. It is difficult to interpret the 
changes occurring in the serum lipids in 
these experiments, although it has been 
shown (Badgrave, X970) that ether, anaes- 
thesia increases the plasma concentrations 
of both cholesterol and triglycerides over 
the short term. One interpretation of the 
profiles shown would be an immediate in- 
crease of lipids after anaesthesia, followed 
by & gradual return to normal levels, with 
reduced feeding the night after surgery 
and increased feeding the night after that, 
Fisher and Fisher (1963) have reported 
food intake to be 5% of normal in the first 
12 h and about 25% of normal daring the 
second 12~h postoperative period, intakes 
being increased during the second and 
third postoperative days. Clearly, the in- 
crease" of total plasma lipids 4—16 h after 
feeding can be nrach greater in normal 
rats (Dunn, Wilcox and Heinberg, 1975) 
than the increases (Fig. 4) after cod libitum 
feeding on the second postoperative night. 

In conclusion, the present study shows 
that after partial hepatectomy changes 
occur in the serum concentrations of 
several markers used to assess liver func- 
tion; the serial changes appear to be some- 
what different from those which occur 
during cell necrosis. 
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The value of residual liver volume as a predictor of hepatic 
dysfunction and infection after major liver resection 

M J Sch'mdf, D N Kedheod, KCH Fearon, O J Gorderi, S J Wigmore, on behalf of «he Edinburgh 
Liver Surgery and TranspiantaHan Experimental Research Group (eUSTER) 

Gvf 2005;54:209-296, 6o\: ) OA 1 3^/fwr.2D04.04452ui 

Background and cumst Major liver rewscftcm Irrcvra c ri^k of postoperative Irver dysfunction ond infecJioo 
and there a lack of objesc?Jva tr^idonco rtrblmg rewdual livor vofumo to iherso eompilcotforn, 
Patienrs and methods: tfvsr volumetry was parft>rm«d on ccaoputar modols derived from com pu»Bd 
tomography (CT) of^ioportoarams or TG4 pafiente with rrormd ttynlrrol&c lW<*r function ^hedybd For liver 
resection. RoIoHvq rojlducl liver volume (%RLV) «ro& calculated as lb© ronton of recdduol to total kmctfana! 
Srvor volume and related I© poAtapcraiivcr bcrpatic dysfunction and infection. Receiver operator 
characteristic curve analysis, was urKkirtakon lo determine flie entfed %RLV predicting ac-vond htrpalic 
dyo function and infection, Unrwsriata analyse and multivariate tagisiic n^rej^itxi orWy^H w tsfc perforn»ad 

delineate pen operatives predictors of &svere hepatfc dysfunction and infedion. 
Rc»6ultai Tho Incidence of severe hfrpcrHc defunct* on and infection fallowing liver reieeilor* incroa5«<l 
slgnuicontfy wHh srnoibr %RLV. A erlHcol of 26.6% vos id«mtjBf«d aft a3f.feOCicih3d with ^«*no htrpolic 

dysfunction (p<CLO0O'l ), Additionally, body mens mdax [DM))/ op^rotjjrrQ Hrne?, and InlreofwraiSvo blood 
loss wtara significant prognosHc indteoror& for jcvcftf hopatic dysfvncHon. II was not possible io predict the 
individual rbk of poafopcralfvo mfe-cHon precimry by '/6RIV, Howa^r, patient undergoing major liver 
rejection, infodton wqs signifieonlry marc common In mow who developed postoperative jK^ere h^pofic 
dysfunction compared with ifio&o who did nor 

CofKluwons; Tl>o Iikf?iilic*od of sovgro bopaHc d)rtdonc1icm fo Ha wing Ihror rasoctfon can bo predicted by a 
small %RLV and a high BM! wnereas pa^loparatirf: infection h moro neksfed to liver dy^n/rtcHon llian 
praciso reifdual liver voiurne. Understanding tl-ia relationship borwesm liver volume and syntK&tic and 
tmmuno fvmcrlon b t^o no improving tho ^fety oF major livor ro^rclbn. 
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Liver rejection of primary or)d sccoudftiy maii^iiincicri has 
becoming Inorcanln^iy lm?H>runL Jfi\ recent. clcCi\dCKJ" ? 
Ba.<cd on ptomism^ r;uiv1v^i roitilLrf and a pcrlo^crfttivc 
inorioiiiy nuc of <5%, the fromwr^ of IWer surgery arc 
cxicndln|,' continuously towards more major liver rcsccLlon^ 
lotiviny Niiiullcsr huciUmx (irroxirlnfll liver.*' " Ai liic sftine lime, 
«i J Ileitis li'iO'east: in ptisLuiMsnaLivcr xnnrhldlty rhic to 

hcr?Ai.Jc dysfunctiott and irvi'cciiouN CDiupliuiUiinM fnlinwin^. 
extended liver rcsccUoc\ ims Dcoa rcponoJi, even by vciy 
ispocialiCsid eeiiiczs/ " ,w Tim; nnrodimn thm ftilCA3i a third of 
hcalUyy iivcr Us?\ic vhouid be kit to avoid hepatic Aiilurc 
following rejection w^fi dovcJlopod long, afso but. few data c?dsi. 
l.o support this arbitrary value jn paiicat^ vvJih oUienvlac 
huaiU^y Uvurs. Ilic expansion of m^or liver surgery a 
irciiuuttLH option i'or vnrlouff U^cr rumours iwifi prevailed new 

AAKCxKmem ^u<I mvui«i;eincni of postoperative complications 
particularly thoKn involving hopalic insufridency and xu.v« 
ccpUbllhy to InJiiCLlon, 

Tiac Uvcv coatauv?? Lhc largest reserve o!. k fixed tissue 
macrophaRW ic. the txxly (Kupffor cells) and rcguJiUc? lhc 
fyntbeds or hcpaiic p*:otc"(jjs ro3i?out?iolc for recognition and 
opsonization of palho^«rv« a« part of th<3 Innnic Immune 
xySkcm," U wak Khown previously Uul lnn,*uc nrniiuiiiLy la 
tflgnincaiUly impaired in acute r\nd chronic liver failure and 
nflcr liver surgery, su^exiing a link between change* in 
inrxAlc InmnUAO response iuid poKlopcraLlvc lrt fdCtiOU follow- 
m^; m*ijor liver resection, 1 Xht: cuntrtbuLion of Lhc liver \o 
nvainUiln vodoux pnthwAys of Imirtlii imiiiwwly and hs 
A'dftlloiv to Tiver volume and ploh«il hepatic {(action ixltet 
liver rescciion. have hiUicrio ADk been explored. 



Mc^.viircrncnf. of lor^l **nd pari la I IW&V volume bilS-iid on 

computed iomo(:rAphy (CT) i\nd mugncUc resonuuee iruu^e 
AUftJysLs hu.s' become popular to csvlmntc nciuai ^r^fl t\&u 
before rcNccUon Jn living rotated liver Lramsptaniatinn, 14 """ 1 " 
Some utiadicfi have oddrerwed the prcdfciivc v^luc of rcaldtud 
Uvtr volume xc^o^cUx>H liver (unction and complications 
major Uv«r rejection-. 1 ' " However, jmo>a of thiii work lia>; 
been done in pattern >r wliii chronic liver ducca^c**'*"' We have 
ichowp. prcvjoUivly UuU pr^upcraLivir cULin-wtjorj of rcSfdUftl 
Mvtr voiumc by CT «;>^O|>on.0SX'nj>UK {CTAI 1 ) iina^c bated 
voIuaiicw provides ^cciirdic mc^^ure5 of ilx" flcnird aiuouiu 
oi" bcpftUc oflrciicbymo icit aTLcr liver resect! a o. >y Tlic <uiu oX 
the prcsco.i study vvns to use three dimensional hcpmte 
volume try am) vixWtO, resection lo deiino U^e critical midiiA) 
t|vo;r volume associated wUh 0>c development of liepaLic 
dy/fftinalou la paiieitUr with u healthy liver undergoing liver 
rejjecilon. Punhcr^ore, wo wished lo c^UblUh whether there 
Jn ft rclaitonshlp between residual. liver voluwe, Hvcr funcU»n r 
iinrf the mddence of posiopcraiivc mfccUotx, 

PATIENTS AND METHODS 

Potion IS &i\d Burgicial technique 

Vnk i metric an^iy.viy of Uic liver wax pcrferrf^ed in, p:\i1enu; 
who were mimNieU to lii^ HepaiobLlLary Unit, T(oynl 
Juflnnary Udlnburjdt. for n livci" resection and hud ctai* 
done as part of their prcoi>erativc f\HSCP5mcnt. No pttLlttuhud 

Al^wwvnitkM'is: CT. compvtixl tefn«^?r«phy; CTAP-, CT cangiopcvioQtcipliy: 
fiMl^ body mat* >ooW ROC. rraemvor w>rern^ civomtimuk/ TiV, 
Iwer voluBt^; TuVj hxrrovr *&vqw;TrlY, tofd FurwHc^roi llvwr 1 vduji-ra; RLV, 
rwdMd | ( Wrv<yjurT>«; %RLV f fiakshm reSidiJcd If^voli^o 



?,90 



Downloaded from gutbmj.com on S July 2007 



Schmdl, Rvdhorad, Poaron* fit a! 




Figure 1 (A-C) Throo dlmendonol liver voiumoirr of on oxroncfod rlpM hoporoctomr- wi^ caudalo o*<:I*W (A) To»a W *oIvitw |TLV« M33 ml; rod 
coWlj lumouf volume fTuV~34 ml; grccfi colour): ond lotoi fundionci livor volvrno (TPLV- 1 (W mi). (D) Ra&Icfi/ci liver volume- (RLV- 2?D mi ydiow 

txAaui) frcm lhi*t* dmiefiifona! IhnC modftl uflnr vfrlwl r<twi?em f ' r«)itir*rs m^clun] tfvrrr «iium» fXRIV* 7tf.7"Kl, (Q bWrti^.wsTilivw wlr*» oFlhry w-vrfuci! 
llvor following f©s<Krrion. 



Any background of chronic Liver disease and all gave wrlncn 
informed consent. Selection of patterns for surgery and the 
U*rbrHqwc of hcjwUc rcsccllon have been described pre- 
viously." Briefly, surgery for Hver tumours was hasevl on 
PCffmoM oricmed anatomical resection. 4 " With the onaesiihc- 
Lblnminlnlru^u: a low central venous pressure (3-5 anl&O), 
liver transection wa«? performed uaUu; a Cftviuoa ulrra sonic 
ourtflcal nopirmor (CU&A System 200 Macrodlssccior; 
CavUroa Smrglcoi Systems, Swuifocd, Connecticut, uSa} 
without ihc need for cxir-ibcpaUc vascular occlusion.. Toe 
resected llvuv surface wna coaled hncmoffunlcaUy utan^ ar^n 
beam cocvfiuinUon (I'orco GSU System; valicytab, Boulder, 
OMnrado, USA). The extent of Over rGKcatan was defined 
according u> die number of Hver si^mcnW removed *nrf 
grouped bilu extended (live or muru Ncgmenw), xLamtanl 
(three or four iicjcitteius), and minor (one ar Lwo ragmen is or 
wcd&c rc^ceUqn} resections 

Liver voluronrry and calculation of mlatlv© rofiidual 
liver volume 

■Liver volumcuy was performed on ;;cin nxlal imapeu which 
were* obuiliied' prcoj[>crrtUvcJ.y during CTAP, The majority of 
lnuijftfx were taktn fmm n spiral CT OH Hfspccd Ativan I a f?e 
scunner {Ctermrul 'OlccLric Me:dical System^ Milwaukee, 
Wisco^m. USA) usJLnc an Iniajtc slice Lhiekne^ Of 7 mm* 
In the latest phase of the study* I rnai image slices were 
obtained from a multi-slice CT Toshiba AqulUor* 16 aCAJiDcr 
(Toshiba Medical Systems, California, u£A>. rvlL-dicQl jn\fi«e 
analy^fl poltwarc GB. Adva^WRO Window^ and Analyze 5,0 
(Analyze BirecL Tjic; B>onicdiCaJ iinaRinS Resource,. Moyo 
•Pound^Uot^ Rociiosnuv USa) were used for volumeiry. Ev^iy 
b;)ice from Die CE scanner And every II au sHce from i-he 
Tcp{if\ib« newmjcr wexe iHi^iysed in Lbe folio winy way. The 
r>UL{inrr of ihe re ft Son of Inwosd v/hm U'MCed nmiiuwliy in taeii 
imup; .scciinn, occluding ihc jjalt hl.iddeiv rm.ro heptUle vc.n* 
c«vn, ^nd main l>ronchc« of Ihc kiLrahepatlc vo^cnlar 
MLruelure.s. An auujmaicrf process stacked all aLIcc^ io^eiiicr 



10 build a virtual model of the liver, volumetric values were 
obtained by Lhe inherem so^ware volume rendLtln^ al^o- 
xll.liro- Tolnl Uvcr voU'.tnc (TLV) aod luvnour volunur (TnV) 
were measured And io\a) functional] I vcr volume (TFLV) was 
calculaied by subLracUriR tumour volume from aot.il liver 
volume (TTLV - TLV - TuV) (flp iA), The model of Live 
whole Liver was ibxn niibjcacd to vlrtiml hepatic resection 
according 10 the opera Live sjuate^y for each individual pa Lien i 
and ihe volume of uepncnif; to be reflected, and residual liver 
volume (RLV) waK mcojiurcd (Og lis, Q)* Relative residual 
iivcr volume (%»RLV) was expressed o* a percentage of U'LV. 
wlten die type of r^ceiioo aauaily |>etformcd waic different 
from thac estimated preoperaUvely, volunicirlc analysis wax 
repealed , 

Definition postoporalivo complications, kepolk 
cl/^funchon^ inflcimmoiiion antl mf»eHon^ and body 
mas* index 

PojttopcrnUvc compUeauon? included surpicai coiiipUcations 
(bleeding ifmin the surgical site and oUc ;eak), hcpaulc 
dyckCUiicUoiv cardlovftcjcular, respimiory, and rcnai ^ygtcm 
dysfunction^ and infection, 'fleece com plica Lion k were 
a^pessed on a dally basis snanln/S from Use day of surgery 
until illjcchar^e. RiMrirnixsinn ds,ic in prnblcniT: related to 
pruvjuu.% DpcsmUou wun »lj»u [riciiiiiccL The rieOtd Lion of 
poaitnpcratlve hepatic dysfunctSnn was hascrl nn scnim 
copccntr/viioni? of toLaJ bilirubin and !l acuity pr<>tj\rornbln 
Lime, and sipifs of encephalopathy, cAtc^orhcd imo four 
(trades (none/jitild/modcrait/scvcre) (table 1)7 l| * "No- L or ^ 
points were piveit for eacb parameLer according Lo Lhe acmai 
resulu, ond uumrnaiioa of all provided me aciuai ocor«. 
i^oraiuei-ei's were Into account, on)y wheu prcscnL for 

two consecutive olxscrvaUonr, wltl^in «v houf |>erlo4 s Tbt 
ld^lici'l ticorc during Lhe poaLo|>eraHvc covirse deicrnui^ed thti 
sewcA'Jly ol'bepiUic clysfunci.k»u (Uiblc I). 

The definitions Of CurdioVHSCUlur, rCNpinUniy, mill renal 

Tjyslcm dysfunction were taken from two coiisoeuUvo re}>orLS 



* Tabic? 1- DofinlHon of posJopsroiiivtr hispoiio dysixiru^fen bci^ed on ne&ulta rre»n bkwxJ i«rM^ 
ond e)in?cal abscrvtstan 
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Frguwm 1 Meorv (SD) refcrri^s rejfduoi llw volume {XRLV) of difWeni 
fypos o£ cx}or>dc*J R Hop; cwtcmiod rlgKl bcpaSwct©<ny; Ext L Hep, 
oKngncW loft hopo^romy), standard (R Hop, right h«pot©ctomy; Gxih* 
Trise^m, owtra! triMr^monroctomy; LHep, l*fl be^i^cwnv)/ ond minor 
(R Pos! S#cfr, rlghf posterior ^ionecromy; I lar Swn^ S«f? lateral ' 

by tfw? American ColJcjic of Cbcyl. Physicians/Society of 
Criiicai Care Medicine Concensus Con retrench;." " Clinicaliy 
significant infections only were taken into account antf 
dcflDcd as coloddtejBca of positive microbial culture sogaiiier 
wiUi eiUicr local er [jencrai hymp Lewis of inflarnrnaUon/* 14 
p«rriorx*ralWc dca»b defined its (lento with;** JO duys or 
during ihcbOKpIUl nvney IbSiowin^ surgery if this was greater. 
Severe hepatic dytfttmciion. And, injection, but iiol moderate 
or mild hepatic dy^wctfon, ,hnd a sxnvuQcoiU adverse 
influence on, U>e duration or hospital stay and were chosen 
a« primary end polnw. 

SratUlicat analysis 

Statistical analyiix wah performed uyirifj SI'£>S I t J> sunjsiicikl 

analysis software <SF3S Inc., Chicago, llUnols, USA). One 
way between |$roup AN OVA nnnlyfife of v/\ri*ncc was 
performed in order to furecaiJ differences In OtrR.LV between 
CiLflercni typcjJ and extent of liver reyeeUan and between 
paticrU^ with and without deferent severities oC hepatic 
dysfunction. 'I'Jaci independent sample t lea vva>: u.«cd to 
n»Mi.Nff dl/rtfruncres 1 In %RLV beiweert patient w|U3 rtjrjU 
wfthoui hUcciroi^, Receiver o|>c^loc cXvuaeiej;iviie (ROC) 
curve DnalyNi:* w^h undcTinkfiri^ «,o Went.ify i.hn vrthje of %Rvv 
m predicting yeverc hepatic dys I unction iind in fee Lion wiLh a 
acnsLUvUy of rtf. least ^0% and a frpccJJldiiy not lc$s tban 
«5%. The poplUvc predictive v,*v\uo o( cho cridcflJ %lu,v for 
severe bepatHc tiysi'usieiiou was: calculate! for lhe Study 
group. "Univariate analysis preoperative and intra operative 
vtu'iAMcs wtv> performed by Pcurw»i iin(J Fi,shcr r fi exnei 
tcs'b reNpccLivcl^ for c/iicgorical varbbics ;uid indcpcndeui 
mmpic f lesft Joe con.Umioufl vnrijibIctJ R SXiEiiificaitt v*sriablcj in 
Miiivariate Jtnalysifi were eolicred «timuita r ncousiy (iocccd 
enLry mtiUiod) into .muUrvariale loai^tlc rep*e^c(on io , 
r.v^hiaK; I hdr independent predictive value for Severe IvepaUC 
dy^' function and lufeeLlnri. 

RE SUITS 

PdHpnl demography, d\agnou% / and the* ©XS»nt of 
Jivur ro^oeliipr! 

Vniitmc»Y Of I he IJU/CV Wixti |»rJV>fiAuJ its 104 pulluiUX (39 
miller and -4-5 females; mom n^e r»T (SD 12) ycW) w.ho 



Tabki 2 Hepatic dysfundiori onri Infoction folbwinrj 
m2nar, xlnruiQiel. and exxlvrr\dad ihtrr rciOCHon 
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Fliounj 0 M*son {§0} rcrlafU^ wjtJdtKjJ l> v er voiurrHs (%#IV) In pcfttofir* 
wijh mild, mWcrotOi artd msvoto K«patk dy^vnfelion WlcFwino liver 

couwccutlvciy underwent liver resection, The diapnoKfe w^s 
colnrccl/il CA13CCT .fivcr rnclas(a^ls Ln. 91 (6-6.5%), other 
^L'ondusy uiijli^naiir^csj In kJss (S,ft%.), adenoma In two 
(i,9%). And hcpAlocdixUar carcinoma, ctiolajnj?iocnrcinmrnt, 
hnftinnn^lo^rconna, and focal nodular hyperplasia in one 
(1.0%) patient cacti, in total, 27 (26.0%) extended reflections 
^7 KUinciard resccUon^ and 20 (19.2%) minor 

resections were performed (fig 2), Mean %i<LV wac 30.& 
(:iD J2.0^ after extended liver resccUon^ 40.2 (i4.5)'X after 
standard ittitfClioa* and (^.2)% aTtcr minpr rcscetJon 

(one w«y Ixi.wvxn groups .AJNOVa: p ^0.007 between 
tuandurd sn<i extended rcsecltrm; p<0_00f>l between minor 
nnd aiaxidai'd or QJilondod resection). Xn 30 of 104 (>4/r)M 
patients, ic^ than »% RLV way ielc fil ter reaction, 

Poniopararive eomplicorionK and rhoir relation I© 
ro&idyod liver vofwmo 

Iix 54 of I o-i (5i.9%> paQeiiii, one or more compUcaUon^ 
b<X*»»oe evjdow roiio^itijj liver rcifceiioti. Thirty three ($.1.7%) 
palicnbi dcrvelnped poKloncraLivo in fecMo" ar< the niotii 
common CAU50 of complications, Mlid, moderate, and severe 
hepatic dysfunciion were evident ,in 42 {*QA%) t 12 (21.1%), 
and XS {k23%) paUunts- i'ie.ura'1 effus'lonii were found in 1 1 
[IQ.G%), u blie duct leak in six (5.a%) r rcnai dysfunction in 
four ( 3. B%), pulmonary cmbolhrm In diree {2.9%), temporary 
u trial ribrlUaUgu, Lu tVuce {Z r 9%), bleeding from iho surgical 
iiiie i^juiriji^ reopimuiou In two [1.9%*), and nnrLol vein 
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Severs Kopofic dysfunction 

ViatvrT} £ (A} Reviver opa'Ofor chdrecrarMtC {ROC} curve onc-ly^s of 
roiotivo roaiciuol 1'var voiurrHJ (%P1Y) to pallet patfopcroHvq ^ero 
bsparie dyrfwctfon, A critical XftlY voiw of 26»<!M* identified (areo 
uncW »hct curve -0.9) 8 (95% coofick*nC« interval 0.85^-0.963}; t 
p<0,D001 )» (B) Lnekiencw of *<e-*wre h oporto dy» function following Bw«r 
rwcrion according ro %RLV. Rofwrenoo lino lr>0<caros rbo artlfGQl %RLV cf 
26,6% ajsOOQhsd '•rim a ^gnificanf risk of p©i!op«rQti»o «r*ae hepatic 
dysfunction (fishers ©xaet >*tf; p<0.000!j. 



inron>i?of;?5 and wprw fs«vixr>iaic{aipcd tract blcodinp m one 
(:%} patient each, Two of 104 ( i,P%) pa if emu died} both 
developed liver .failure • (in one nttfrctnicd wiib sepaiiii) 
following extended liver resection. The .incidence of po?n* 
Operative hepuUu dytffmnJUnn In ^enen^ und swerc iicpndc 
dysfunction hi pnrtlcuiar increased wlili the tixtein ot liver 
resection { table SO, Five of 37 (a.B%) pAtiCAW aXtcr siimdard 

liver rotfCCLlcm aiid cijihL of 27 (29-6%) patients after extended 
liver rejection, bur. none allot' minor reflection, developed 
revert: hepatic dysfunction. 

iWoa.n %KLV was stftiilllcAnily tsmnltor in patients who 
developed mUd hepatic dysftUKiion compared whh. ihowe 

wUliuul hepaLicdyiifuuction (4X9 (15_*l)% and 6S>.9 <22_6)%; 

r><0,oooi ) (Cic 3), LViIcms vv.|\o developed severe hcrmUc 
dyxfuncLlon had a jdfrnlficantly smaller mcin %T$T.V coin- 
pnred with U^nsc with mild hepatic dysfunction U^S (<J.0)% 
and 42.v ( I5.<1)%; |) " 0,005) 3), TfoC AMKUbCff of DAtiCttLP 
who devodopttd postoperative infection increased from minor 
U\ sL?indacd liver resection and wau* highest all or extended 
liver rc^ecLlon {taok 2), Man %m,v wa^ jtfpnificamiy 
rmdJlor iii patient* witlv postoperative- Lnfeciion compared 



No 



YfiK 



Bnusm 5 IA| Rnaelvnrr opcrcRW choroo«*l«r|lc (ROC) curv* annly*U<»F 
No critical XRLV was, Ickntifimi In prtdiaino Inbciicm wirh paxiajc^ 

RLV. 

with those ivithouc Uxlcccion (3^i,B (\a.5)% and 49.3 (23.d}%? 

Roeoiver aparorlof choracttrnBlrc (ROC) &t?^v«s analy&^ 
of%RLV N> predfct a^vciro K« pa rSc dysfunction and 

HOC curve aitfliysin revealed Lhal 0 %Klv value of 2 
idcoUDed. r^ticnir. at. sipaU)canr risk tor severe htip^ilc 
dyslunclion following liver rejection (H« 4A>, Usin^ LhiM 
v^luc Iiwas possible to predict severe bepAiic dyefuncfion hi 
prttJeaCii uodar^oUsfj IIvca' I'cscclioa wUU90.?tfi ycnsIUvhy ansd 
R7J% ,\pccifidiy. The po^iivc predictive vaIiic for ihc study 
protip Wfl.i 50.2% P ihc likelihood ratio Tor a positive lost remit 
(<2C»fi% KLV) a:L^oeiaLcd with jfeverc hepatic dyyiuncuon 
waj5 7.0, OJD.d Cor a zicpaliv!* i^sd result (>Z<i,6% KLV) CI, Ten 
of' 22 (453%) padenw with a %KLV value of <2^.6% 
developed ueverc hepatic dysfvinciJon comjjaxed v/tih 00c of 

a?, ( wifi>. i^ccc" %^tv (p<o.oooji) (r^ <tD), koww, 

32 of 22 (54.5%) paLicnix with a %ULV vaIuc \>elow the 
a'lUcBi %IX1V did not develop severe hepatic dysfunction, ll 
wu>* noi p«>^,sible to Identify a prccj^c %RLV vaivic lor 
pr«dictio|? postoperative Lafectlon L>y HOC curve analysis 
(Tjj; 5A)» Applying the critical %tlLV of 2o.6% to predict 
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pa*i operative lofcclJoo, sw^LuWt.y w rtS 33,.^% and ap^IAc/ity 
Mv5^>. the likelihood ratio for a positive leufL result {<26.6% 
TILV) Associated with poM operative Infection w,i? 2,1 ond for 
n dc^Uvc test rc?uU (£*26,6% RXV) 0,tf, Eleven of 22 (50.0%) 
paUOWUi wich a %KJLV bdovv developed i>ostopei:atlve 

Infeddon compared with 22 at &2 (2<>.fl%) With a larger %RLV 
(p«0,00<*) (fig 5B>* 

Ability of %RIY m association with ©thor preoperative? 
and tnrraoporafivc poromoftofx la peadic* 
posioporalivo severe hopotie dysFwnclion arid 

Univurliuu unulys'to revtsuled lluL umall %RLV (JXO.0001 ), 
tdjjlv body muss index (liMI) (jXO.OtiOl ), extended live* 
rejection (p — r>,0fl7) r prolonged operating Lime (p — 0X01), 
hi credited blood lOHh during surgery {p "0.Q07), And neH- 
operative blood tnuiHhislon {;>- 0.003-} vvcrc rifralflauu 
predictors of invert: hepatic dy:i function following liver 
rcKccLlon (uabicn 'I). Bwicndcd liver reKcctfon {p — 0.00 1 }, 
i;rn»U %VCLV (!> ws0.oi<$), and prolonged o|>cratintf time 
(p — 0,009} showed significant value in predicting pteit- 
operative infect on (tabic: X 4). %RLV together wldl 0ML 
operating Lime, iutroooerntivq blood Joss, and peri opera live 
blood transfusion were entered into a ioplsLlc regression 
mod til to UicmfCy variables with independent predictive value 
for severe hepailc dvsi'iinciloa and Infttciion. a sinali %ixlv 
Hnrl hi^i TtMT vvr.rc:. found to l)C ^t^jOcanl. Indcpcp4cm 
predictors of severe hepatic dyc< funeUon {tabic 5). However, 
prolonged opera tin;: time mid birgc Ultra operative blood Iosm 
Uicrcaped the accuracy of titfr reptrcssloo jnnodcl JUy nppiyiuf? 
UMl, opera tin ^ iniic f ,-uid inli;;iOjporAUve blood los^ lo Lbe riulc 
fvfluowmom of pftUcnii! wiU^ /* sm^ll %RLV, U became posKfl)lc 
lo dia»in|jEuu»h between paticjnli* vybo dcvcjojxjcl pcvcjre bepatic 



dysfunction ^nd those who did not (fi^ <s)» A smnli %RLV and 
pvoinri^cri QpCNtl-lrig J-lmc WC<*C the 0"^V two sl^iilHcciOi 
indapcnrlcTjt prcdlciorK of posLopcr/iiivc Infection (uble 3). 

Ir>cid©n<;v of ipfocfiort m patients wpth and without 
postopisrariVB ssvss'fe Kepasie: dysftmcHan 
in order io anaiyye die relation Ixlwecjn impaired Hvcr 
funclion and ijuscoptlbllity to infoction, w con\p<u'od the 
Indtlcncc of jxWiopersUvc infection Ikjuvccji potlsmU: who 
developed ixjsiopei'aave seveie hepatic dys runeiloa and ihose 
who <i\d nou "ilic anftiys^ w s -\fj limited so pad cm? with Icsa 
(Jieui 26.6% RLV becauyer vevtrre hupctic dysfunction wa^ 
aUl\osi exelus/vely yecit iii liJujf i^oup. Eij^ht or II (72.7*^) 
patients with postoperative severe hepatic dysfunction 
developed Infection whereas tills was die case In two of I J 
without severe hepatic dysfunction (p- 0,030) 

(tabic! o), 
DISCUSSION 

juiver resection is still accompanied by a cwiain risk or 
poxtor»eraih'c compifcations and tfee overall incidence oC 

complications i& slgnlRcamly increasing low^rtti extended 

l.Wcr Tcscctlons, 1 " % Wcpailc dysfunction ,ind loTccion nvc the 
two must common roodltlonjv nccCvH^tiAtlng prolonncd treat* 
inent ^nJ ItONpiuil .May following Uvcr repeal I \mJ ,1J M ,a One 
key ^o Improve the Safety of Hvej' rciseCtiOKs i.s Lit underjcuiiul 
the re5nllon3rdp between liver volume and function. Tiicrc is 
it lack or evidence to support the nKSumption thai at one 
third oT is healthy liver should be left to ovoid jiijcDificfint 
Hicpntlc dy function, and. adequacy of klv in, the panf. hmi 
been based jiaegcly on £UC3?iwocte or crude Tvxcasvires ratiicj' 
ihnn precise measurement, Similarly, the relation bo two en 



TobAcs 4 Moan (SO) voluos of praocwraHve and InlraoporoHvo predictors for wwe Ixrpafe dys^nctton carrd !nf»cnbn 
(irKlepandoor fvempi© r resi) 
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Tab^s 5 MtJlimiriolo loglstfc rogrmsion analysis oi vernabW* lo pnsdlc* mwit? hepatic 1 
dysfunction and infacliori following I'tvtrf rmccJiDo. 
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small residual Uvcr, liver dysfunction., nod postopenutva 
Infeeilon has not been defined, 

Tilts study aimed lo kfcnUfy the critical residual liver 
-volume able to predict post opera rive severe hep.iilc dysfdnc- 
Uoo *i 13d lnye!*U|;M0 Ihc xclaUoastdp beiwecn, siuaU 
residu/il liver and postoperative infection, Wc MudJrd only 
patients without chronic liver disease 10 dnable An extJmme of 
(he maximum copadLy or Lhe healthy liver before hectic 
dysfunction or infection supervene. An accurnto and vali- 
dated technique of virtual .rflPCcUoovln three divocuMonal Liver 
itioddjD was used Lo caiculaie the precise, volume!! associated 
wUb Uver resection.' 7 * #y subtracting tumour volume from 
total Over volume, ihc. percentage of RLV to relation io 
functional llvef volume rolher than total volume wa* 
calculated, ihiu taking into account ihe extent of hepatic 
replacement by iar«c uimourj; ihcu dearly would noi 
emur ibutu lo Lh« funtrl.lnn.il Uvr.r volume, Ufdnp ihlK 
approach, we have demons™ twi thai, volumetric irnnge? 
analysis provider more pradfic Information about the amourn 
of l iver iiNfiuc JcfL a fur .reflection compared with other 
estimate:, 1 based on either the lypc of resection or number 
or liver seamen is removed. 

There In no conjientius on how to define bcpatlc dysi'unc- 
Lion aficr liver, resection find several studies have uned 
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different octlmar.os of Uvcr tuwcrioa to desaibe bopatic 
funciioO^i lmpatrmcn^/ , - H,, yr iJorne of ihe variablesi used io 
define posiopcT^Hvc hcpnUc dy.ifuncilan, namely alAnJno 

UruilU»Lra»sfcra.Vc, |»nrriiun-j^}uLnmyI Lfui\xtctAtiC t dml nlknline 
pho^pliauisc, arc mflucnced by ihc surgical hisult to and 
regeneration of the rcrortioiaa Jivcr rather ihaa rcflcciinf: 
hopalic function. For the purpose of tihte study, a novel 
scoring intern of hepatic dysfunction i'ol lowing liver xcsoc- 
lion was ktlroduced which was derived from roulme blood 
tests and clinical ob.^cTvation^ Wc found q good eotrclaUon 
beiwucAt U^er dysfunction ^cot'c^ and %*av, and a eriucul 
minimum %RLV r>f ^r»Y»% was Idenilfleii below which iKtrfciiiff 
hcpALle dy^funcUon Ls likely to occur. According to our 
rmdbxKs, Uus Is a>c lirst study usinp ROC curve AlOftlysb 10 
define a precise %KLV lhAt la Able to predict the individual 
UKtliJiood of, postoperative severe bepaUc dysfunction, iwo 
oiiver s'rudles retried n %RLV of le>;.^ than ns belo& 
asM>cla ted with significant llvcr dysfuocUoa in pn lien is Willi 
IlOl'lUut Uvcr* 11 " HOwcver, the Cut off fur %R.T.V in thc^c 

studies was not derived from precise anniysb' but rather Li 
■was, tfcl orbitTarlly to compare result ^ of liver function And 
overall compiler UotLi bccwccn different extents of resection. 

We believe lb at calculating %JiLV before major 1 jivcr 
resection provides useful ini'om>^Uon i'or planning hcpaUe 
suiRory and in ndvlxlng indivldUAT paiknt:; of the patmvUai 
of Uiclr aucccry. However, U ^XaoiUa not oe a barrlor to 
uiitidrtukii nidjurlivurieyeaion when the chance for cure and 
the pniieni's grm?i cnndlvioo nutwalghp the risk. Only baU ! oC 
pQilcntit who undenvent liver resection leaving less than ihe- 
criucol %RLV developed postoperative severe Itcpaiic dy$» 
(uneUon. However in all oL" these padenL? addition^} 
predictive faciort;, ^ucl\ ac hl^ lon^ operating time, 

and M^iiincant InLrapperatlvc blood JOSS, were evident, II Ml 
wrtf! Found an a. tellable ^urro^aie marker of hepnu'^ ytcaiObiK 
and .stcato.sk !s known an & potential ri.sk factor for major 
liver resection/" ■** Wc roonci a good correlation between the 
aumUcr of liver specimens showing moderate lo mvexe 
fjccAtor-ls and suppottln/r the ftfisuropticm thai: steal o-ay 
is aii Unponam factor for the development of hepatic 
dyKiXtnclIon in pniicnts who undcrwem: liver rejection 
leaving only a siwall %'ULV. This oIvxctvaUou As of particular 



TbU*& 6 AakHon of ftcvdro hepatic, dy^k^eh'oo and 
Tnffjctfon fe]lcywir>g major Irmr rm®etian in pali«*nt?5 with a 
small (<26.6%) r^dduai Hv&r v^iwrn^ 
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iiilcicVl BIVU CIU.L «i*ily be Calculated LvcfOic? *urj$c<y Oud 

included 5n fhc nreopcnnlve risk M*ctfm«m. 

Xnfectfons (\xc $ecn Xtcquc.rM.ly after liver .rcscctfot\ find 
Lhc prenunt jaudy caused n si^nifiCTnL n™nortion of post- 
operative complications. Several Ktudlcs surgcm; an imporL&m. 
role for the liver In potiirtpcrauvc Innate immune response'"' " k 
but no jfinRic study ha? invctftiGAicd Lhc relationship between 
\KLV and the incidence of postojxirnUve MfecUon. Significant 
Iom of hepailc phnpocyiu^ (Kupffer cells) together with 
decreased synthesis 0*' hcpnMc proicJ.ny involved In aoilftCO 
recognition^ opanniSatlnn, and phoney losis are considered 
likely lo l>c rcnponrdble for Lhc impaired Innate immune 
ftmctiou ToTJovvk^ wojoc liver rejection and consequently 
render the patient mora snasctipilble 10 infection," ,r ^ Wc 
found a sipnilicaJU natation between, the extent of Uver 
resection, and the Incidence of post opera live Jnfcetfou. 

However. .1 precise %KLV 10 predict infection willv High 
sensduvtty and specificity could not be defined. Postoperative 
infection:* ure ii huterutfencouv ^roup of dtegiiusrcs':" Some 
may be dependent on die condition of the pattern, lhc extern 
of liver resection performed, and liver function, but others 
will be detennEncd by many other factors. Thus lack of a 
definitive cuL off valuu for VuKLV in predicting infection 
following Uvce resection might be explained by the study 
being under powered to account for such Heterogeneity 
rather Lhr.u there being no true relationship, AJlQiy^l^ of a 
sn\>cro«ip of pademj? wiih rcsJdual .Uvcr volume « bowed 
u Mi^TilficBnLrclaLlon between severe hepatic dysfunction And 
infection, supponlnp the proposed relationship between liver 
function, ixinntc Sirununiiy, and ?ujiccptfbllJiy to infection, 
Studies asde&flng ine reticuloendothelial Cell clearance pa- 
city of healthy and diseased Uver after major liver resection 
would he ujtcful in further evaluating the rclntfoo between 
residual Uver volume, liver function, and lunate immunity. 

Ufnirnatlng %Ki*y from three dimensional hepatic volume- 
try iuid virtual resection In paLfcnlit underjjoinp.iLvcr resection 
provide* Im.porumt Utroanatton in Assessing the Individual 
risk for iwiofwrcitfve severe bepatic dysfunction. A critical 
%ULV of 26,6% wnn Identified below wluCU the risk of 
de\>eioptn& Severe hepatic dysfuneLlon increased £i£uiliCtfmiy» 
Additionally, obesity renders patients even more likely 10 
develop severe heoouc dysftiueuan following resceUoa. 
AfnHouisb wc found an association between small %RL.y 
,md pnsi operative infection, It was oof possible io define thi* 
risk In tenru or « critical %Ulv wUh precision- Knniics 
ftSNes^np the vt\rlou;l wpcau of Uver itincLioiiy inciudinj? its 
contribution to innuie \inmunliy, and rclaUnn the.^c rc^ultK to 
octunl preoperative and estimated residual Hver volume 
would be of value in underHWnding toe relationship betwee/i 
Uvcr volume *nd function In fttrthcr dotftJI. Thte would aUo 
help In developing nov C ) strategies lo reduce the .Incidence of 
cnmpiiir/U.inn.'i rr. in l\ep<'*«!c ClyK-fiU^CCiOu fuUuwui^ major 
liver reNccLion. 
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Tl\b wcib bawsd cat© }* dmlgncsd to raka oroorvd'SO mloutas'to corppJtffta, You can fcnavti «f at 
any ttmo oixl rf^wm lo oompW It "of ono^W Hwie U yc^ to. It k olmed ot coofiwham 
gaftJromiterDk^ias and apoctalkr rogbtran In gciftlTOcfiterology,' ■ 

After worklrrg Hirough this tutx^naryow si^oykl be: 
» (omlliar with \ho likafy. cauMJ of painful -chronic diarrhoea 
• awaro symptom palMmt and dlogn«*tic to&n lor 

- cilice Cissets&sj 

- Looaso inrotoronaj 

- imtobb hcwnl syr>drofn© 

- Bsks anil malcsbsorpiion 

- pews cboie^^cicrri^ dlorrhoca 

- tAkirazcoptc colitis 

- famUiar wlih management of rh® abovtj 

This 32 >rar old brab school teocher vraa. rnfcrrod boecmx? of k»rpwandm9 diarrhoea ana 
ab^<x"sii«>ai pob Wh r©oorti' exoca»dbciHor>i. Sbss hed o nprmal bovwl" habit .opening hror 
bawob omo a day until iho age of 26 rfvo ttifferod ncu\® haannal g^trcwvtoshfo whik 
on a bockpadkin^ Kaildoy In ono af US NoHonai Porks. Her main complain* wos of 
taw^r abdornpn^ii pain f which e*fr«m pnsosicled sb^-urms to d«5feo3m ( , 

Thb pain wna Li&ualiy bufr nor ofway^ rcsl ioved fey fWoeotren., Sha ©pomad heir buv%^i$ wp K> 
1 2 t>mei pot day, on awaken sn^ arm after cod) main mesa! of Jlto doy wilh oe^cu»anol 

mghfc abho^eh ^ did suffer fiw dl3^vrbo4 abop. Tho stool consistency v^o? vonablo, maiinkjv 
boils' hut K>mia5irfW rvorrnoL Shcv would ©cca&kwKilV P^ws muooug wl>oa lb© BiocM w^a'haraj 
WK»n l>ad tr&qk^m bowl fBO^otrv&nrs (h^r© was- often orjoi soron^s ond a.?reob of bright 
red hUxxi csn ih^ feo^o* paper. She als^o ocsmpblnc^l of ob4ornlnol diattnsban and bloating, 
worse twcirdA tins end o£ ll>n day. hW appotil© wj poor and sho HckI jcar abs>^ 6 lb In 
wuighf over H^a pa 53 few months, durirvg whkh lurw h/er symptoms hod "boon war^s, Shss 
compiotnd a symptom diary which l«JU fho story oloquonftly. 
To toko port In this Gut Tutorial, 0» *o UrTp;//cpd.brniiovnwls.coni/c^i^ 
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